Abstract
Introduction

47
Alkali activated slag/ fly ash based binders in comparison with traditional Portland cement 48 possess comparable to moderately modified material properties (i.e. mechanical strength, 49 chloride ingress, acid and carbonation resistance) [1] [2] [3] [4] . Designing alkali activated materials 50 (AAM) with high durability performance largely depends on the mixture composition (design) . 51 This is mainly controlled by the applied precursor minerals such as ground granulated blast 52 furnace slag (GGBS) and pulverized coal fly ash (PCFA), and the concentration, type and 53 combination of alkaline activators (i.e. sodium or potassium silicate or hydroxide). More 54 specifically, a higher GGBS content (0 to 100 wt.%) as a replacement of the PCFA in the binder, 55 favors the matrix densification and strength development [5] [6] [7] [8] . By forming mainly calcium 56 dominated gel-structures (C-A-S-H), consequently resulting in a reduced chloride migration 57 rate in concrete [9] . However, to support the practical application and further development of 58 AAM as well as that of Portland cement, both materials are strongly dependent on the 59 availability of admixtures [10, 11] . Due to the existence of multiple molecular varieties, 60 admixtures (known as superplasticizers (SP's)) can perform very differently in optimizing the 61 fresh concrete mixture state, although this is also dependent on the binder type and 62 composition [12] . 63
For fly ash dominated AAM systems, the mixture workability, setting time and liquid demand 64
Materials
126
The used mineral binder (MB) is a blend of 73.7 wt.% pulverized coal fly ash (PCFA) class F in 127 accordance with NEN-EN 450 with 25 wt.% granulated ground blast furnace slag (GGBS) and 1.3 128 wt.% technical grade sodium meta-silicate pentahydrate powder (supplied by PQ, The 129 Netherlands). The elemental composition of the MB is determined by X-ray fluorescence (XRF), 130 as shown in Table 1 . 131 132 River aggregates (sand 0-4 mm and gravel 4-16 mm) were used to produce the mixtures. A 136 commercial 33% liquid sodium hydroxide (NaOH) with a molarity (M) of 11.2 was diluted by tap 137
water to obtain the desired (3M NaOH) system alkalinity. A polycarboxylate plasticizing 138 admixture (supplied by SQAPE Technology), hereafter identified as "admixture", was used to 139 enhance the fresh concrete workability. The polycarboxylate is highly soluble in water and the 140 backbone contains poly-functional reactive side chains, e.g. carboxyl, which initiate the metal 141 (mainly calcium) adsorption reactions. Preliminary research shows that a chemical oxidation 142 effect is observed when mixing this admixture with NaOH solution that helps to improve the 143 workability. The added additional water, NaOH and the admixture were summed as the total 144 liquid volume (although solids are present). The relevant material properties, including the 145 specific density, water absorption and mean particle size (d 50 ), are listed in Table 2 . 146 147 
Binder composition and admixture
150
A predefined AAM binder was used in this study, composing of: (1) the blended mineral binder 151 with meta-silicate and (2) a fixed 3 M NaOH activator. Preliminary research and the literature 152
[27] verified that this relatively low activator molarity is able to effectively promote an 153 acceptable setting time and sufficient mechanical strength performance of AAM concrete. The 154 low silicate powder addition, as a part of the MB, is applied to increases the material strength 155 at the early ages of 1 day to 7 days, while higher silicate dosages (> 1.3 wt.%) would reduce the 156 mixture workability. Additionally, the plasticizing and liquid reducing effects of the admixture 157 on paste mixtures containing sole PCFA or GGBS were examined by performing the water 158 demand experiments [28] . The results showed that a significant decrease of liquid demand up 159 to 25 % for both PCFA and GGBS can be observed. In overall, PCFA shows a lower liquid demand 160 7 with an overall factor of about 2 of GGBS. Based on the preliminary study, a high PCFA content 161 (≈ 75 wt.%) was used for the mineral binder composition, concerning both the mixture liquid 162 demand and binder performance. 163
Sample preparation 164
Concrete mixtures
165
The concrete mixtures (Table 3) The workability, compressive strength and pore structure of the designed paste mixtures (Table  179 4) were analyzed. Mercury intrusion porosimetry (MIP) was used to evaluate the effect of using 180 admixture on the pore structure development. 
Test methods
197
The slump of the fresh concrete was measured in accordance with NEN-EN 12350-2. Cl-diffusion rate. On the contrary, at a high admixture content of ≥ 3 -5 kg/m 3 , the Cl-migration 318 coefficient strongly increases at which these three D rcm values are followed by a perfect 319 exponential trend (R: 1.00). This increase, is probably related to a higher porosity or abundance 320 of capillary pores caused by the segregation, consequently higher permeability of the concrete 321 that strongly influences the Cl-migration [9] . This effect can also be compared with a higher 322 liquid content or higher L/B ratio, which also significantly increases the porosity [40] . The AAM 323 porosity properties is further discussed in Section 3.2.3, in addition further study is needed to 324 gain more understanding of the observed results. For the 91 days results (Figure 4b content (0 to 5 g/kg binder) for mixtures P0 to P5, which are described in Table 4 . A higher 365 admixture content slightly retards the early age strength development. While at 28 days, the 366 strength is increased when increasing the admixture content. The admixture related strength 367 development shows strong similarities with that of the tested concrete mixtures, as described 368 in Section 3.1.2. Additionally, the paste slump, measured directly after mixing, shows a similar 369 behavior (flowability modifying effect) observed for the concrete mixtures due to the increase 370 of the flowability at an increased admixture dosage. It should be noted that difference in 371 strength increase in paste and concrete is obverted, which might be attributed to several 372 reasons, including aggregate type and content, workability, compaction effort and particle 373 packing. 374 375 behavior is observed for the effective capillary porosity (Figure 10b ). At 7 days, an increase in 410 effective capillary porosity is related to a higher admixture content (followed by a linear trend). 411
However, further over time at 28 to 56 days, this effect is altered, where a lower effective 412 capillary porosity is obtained at an increasing admixture content (followed by a logarithmic 413 trend). This admixture effect of pore structure refinement in AAM has never been reported in 414 the literature. Often a reduced porosity over time in AAM is observed , when a higher GGBS 415 binder content instead of PCFA and or alkaline activator (silicate source) is used [41] . In addition, 416 Figure 11 shows the relation between the total porosity and the effective capillary porosity 417 dependent on the admixture content over time for AAM pastes (original data of Figs 10a, b) . 418
The results show a strong decrease of the total porosity at a decreasing effective capillary 419 porosity over time with a higher admixture content, following a logarithmic trend. 420 
462
The plotted data in Figure 13 show that both the total and effective paste porosity within a 463 defined range have comparable influences on the Cl-migration in concrete. No distinct trend 464 can be observed between both porosity parameters and their individual influences on Cl-465 migration, which can be explained by the fact that both parameters at 28 days age are strongly 466 related with each other (Figure 11 ). However, data obtained from a preliminary study [ 
